Glutaraldehyde is the fixative most commonly used in electron microscope studies of biological tissues, however it is often necessary to use samples which were not fixed in this fixative, even with the usual uncertainty of the results that may be obtained. The fixation is the more delicate step of the sample processing. Therefore in this work, the quality of preservation of haemal nodes fixed with two classic aldehyde fixatives: formaldehyde and glutaraldehyde we have compared under the scanning electron microscope. Our results showed that both fixatives were successful in preserving the morphology of haemal nodes components; however glutaraldehyde conferred satisfactory results mainly in the preservation of parenchymal cells, whereas formaldehyde was better for preservation of stromal fibres.
INTRODUCTION
The parenchyma of haemal nodes is composes of nodes and cords of lymphocytes and macrophages. They are rounded by a connective capsule with preponderance of collagen fibres and an internal network of collagen and reticular fibres define their fine stroma. Haemal nodes develop different functions, including erythrophagocytosis, erythropoiesis, platelet formation, and immunological functions (Turner, 1971; Cecarelli et al., 1986; Cerutti & Guerrero, 2001; Cerutti & Guerrero, 2008) . To understand and research these complex functions, it is first necessary to properly interpret their three-dimensional organization, and therefore is essential in achieving excellent sample preservation to carry out their study under the scanning electron microscope (SEM). The SEM is a useful tool for the morphological study of different organs and structures. Its principal advantage is the possibility of working on a wide area, aiming at the architectural evidence, both of the cellular groups and of a single cellular element (Balbi et al., 2009) . Unfortunately, morphological details are often obscured as a result of poor preservation and by the artifacts produced by preparative techniques. The successful procedure of sample preparation remains a limiting factor in the quality of information provided by SEM; and the fixation process is one of the more delicate steps of this procedure.
One purpose of fixation is to maintain cells as close as possible to their original in vivo condition with regard to volume and morphology. Currently, there are different types of fixatives that can be used to SEM. In a recent study, it was established that ethanol-based fixative conferred a good preservation of the morphologic details of samples (Balbi et al., 2009) ; however most commonly used are those based on aldehyde fixatives and, of these, glutaraldehyde alone or mixed is mainly used. In this way, the choice of the suitable fixative depends not only on a fixed structure but also in the type of study that is performed.
The sample preparation for SEM studies causes serious artifacts not only in the compact tissues but also in hollow structures like the eye (Virtanen et al., 1984; Doughty et al., 1995; Doughty et al., 1997; Schraufnagel & Schmid, 1998) . Previous works have shown the effect of the fixative process using aldehydes (glutaraldehyde and formaldehyde) in organs with hollows in their structure (Doughty et al., 1995 (Doughty et al., , 1997 Schraufnagel & Schmid) , as well as in the preservation of the filaments (Bell et al., 1988) , preservation of surface details (Osborne & Comis, 1991) or preservation of nematodes parasites (Eisenback, 1986) . However, in most of these publications the authors compared the use of glutaraldehyde alone, or in combination with formaldehyde, but in neither case formaldehyde was used alone as a fixative to preserve samples by SEM studies. Due to the significance of the information above, in this work we have compared, the quality of fixation of haemal nodes fixed with two aldehydes fixatives: formaldehyde alone and glutaraldehyde under the scanning electron microscope.
MATERIAL AND METHOD
For this study we used ten haemal nodes from healthy "manchega" breed sheep. The samples were removed from the mesenteric region using tweezers and scalpel. Five haemal nodes were fixed in 10% formaldehyde buffered with bisodium phosphate anhydrous and monohydrated monosodium phosphate, pH 7.4 and 488 mOsm during 24 hours. The other five samples were fixed in 2.5% glutaraldehyde solution in cacodylate buffer 0.025 M, containing sucrose at pH 7.00 and 435 mOsm, during 24 hours. The samples were not postfixed. The last procedure of fixation was carried out five times. The samples preserved in each fixative were cut in pieces according to different macroscopic regions of haemal node, and then were rinsed in cacodylate buffer 0.025 M, dehydrated in an ethanol series, critical-point dried and coated with gold. Afterwards the samples were examined under SEM.
The parameters used to evaluate the effectiveness of the fixatives employed were: a good preservation of cell shape (no cell shrinkage or swelling), and a good preservation of stromal fibrillar components. Of these latter, the shape (not broken) and organization (not showing large gaps between them, which may indicate alteration of their structural ordering) were evaluated.
RESULTS
The aldehyde fixatives were evaluated on the basis of the final image obtained with the SEM from the parenchymal cells and stromal fibres. The quality of fixation of the haemal nodes and the interaction of electron beam with the structures of the organ were the most important factors affecting the final image.
The three dimensional organization of haemal nodes was certainly recognized under SEM. Thus, we were able to successfully evaluate the structural elements of the parenchyma (lymph nodes and medullary cords) and stroma (capsule, sinus and cyto-reticulum) of the organ, and thereby to compare the effectiveness of both aldehyde fixatives.
Although both fixatives were successful in preserving the morphology of haemal nodes structures, we observed significant differences in the quality of fixation. Glutaraldehyde fixative was better for parenchymal cells preservation; maintaining both texture and turgency, without modification of their dimensions and morphology (Figs.1A,  1B) . In relation to the action of glutaraldehyde fixative over the fibrillar components, even though their preservation was adequate, a loss of compactness with diffuses limits was observed (Fig. 1B) . Fig. 1A . Lymph nodes in a cortex of haemal node fixed with glutaraldehyde fixative. Morphology of parenchymal cells is well preserved; maintained both texture and turgency (asterisks). In this case, the preservation of cyto-reticulum is adequate (arrow) (bar = 10 µm). Fig. 1B . Subcapsular sinus of haemal node fixed with glutaraldehyde fixative. Preservation is poor and fine precipitations cover surface of collagen and reticular fibres (arrows). In the centre of picture a dendritic cell with diffuser limits is observed (asterisk). The star showed a lymphocyte well preserved (bar = 5 µm).
On the other hand, the formaldehyde fixative showed better results in the preservation of the stroma constituents. They were observed building a fibrillar-compact structure in the capsule, with net limits. Likewise, the fibrillar labyrinth of the sinus and cyto-reticulum showed net limits and their shape and organization were properly preserved ( Fig. 2A) . Nevertheless, parenchymal cells were misshaped acquiring irregular contours and atypical morphology (Fig. 2B) .
DISCUSSION
The routine and scientific works in histology and histopathology laboratories become necessary to keep the structures of the samples in the best conditions for their observation and research. Although, there are several methods that have been adapted for studies on the mechanisms of fixation, in this study, we have evaluated under SEM the effects of formaldehyde fixative on the morphological appearance of cells and tissues of haemal nodes, compared with the same effects of glutaraldehyde, the fixative most commonly used in electron microscopy studies.
The type of fixative used for primary fixation of protein molecules was critical to the suitable preservation of samples and, although both fixatives were successful, glutaraldehyde conferred satisfactory results mainly in the preservation of parenchymal cells, whereas formaldehyde was better for preservation of stromal fibres.
Different reports referred that the best techniques of fixation for SEM are those that preserve the delicate surface of structures as apical blebs and microvilli; however like other authors, we assume that the fixation of tissues for SEM induce serious artefacts, and that these artefacts could to hinder the correct interpretation of results (Schook, 1980; Virtanen et al.) .
Schook showed that using a fixation procedure which showed good results in the transmission electron microscopy, certain alterations had occurred in the samples processed with SEM. These alterations were brought about by some step specific to the processing, possibly related with osmolality of the fixative vehicle. In this sense, the osmotic pressure of the fixative must be carefully observed, since plasma membrane is especially sensitive to conditions of fixation and the osmolality of fixatives (Penttila et al., 1974; Stoffel et al., 1993) . The high osmolality of chemical fixatives can produce changes in the organization of cells as well as distortion and cell shrinkage (Doughty et al., 1995 (Doughty et al., , 1997 . This seems to be corroborated by the results obtained in this study since formaldehyde, the fixative of higher osmolality, led to increased shrinkage and distortion of parenchymal cells. Our results are in agreement with those described by Eisenback, who observed nematodes with morphology altered mainly due to cell shrinkage induced by the use of formaldehyde alone as fixative. On the other hand, on contrary to that proposed by Eisenback, we consider that this fixative may be useful in certain histologycal studies since it adequately preserves the stroma constituents.
Although glutaraldehyde is the fixative most commonly used for the study of cell ultrastructure in biological tissues (Bullock, 1984) , the results obtained in our study related with the fixation in formaldehyde could be useful mainly in histology or pathology laboratories in which the samples are routinely fixed in this fixative. Therefore, it is sometimes is necessary to investigate or to review more extensively a diagnostic or experimental study and, in the absence of new material, the samples stored should be used.
In view of our results, we can say that it is possible to recover samples fixed in formaldehyde fixative for routine SEM studies, especially when they do not involve detailed studies on the accurate preservation of cell morphology. 
RESUMEN:
El glutaraldehido es el fijador que se utiliza con más frecuencia en estudios en los tejidos biológicos a través microscopía electrónica. Sin embargo, a menudo es necesario utilizar muestras que no han sido fijadas con este fijador, aún con la incertidumbre de los resultados que se puedan obtener. La fijación es el paso más importante en el procesamiento de los tejidos. Por lo anterior, hemos efectuado este estudio comparando la calidad de conservación de nodos linfáticos hemales fijados con formaldehido y glutaraldehido. Los resultados muestran que ambos fijadores conservaron adecuadamente la morfología de los componentes de los nodos linfáticos hemales, sin embargo, el glutaraldehido conservó en mejores condiciones, principalmente, las células del parénquima, pero el formaldehido conservó mejor las fibras del estroma en nodos linfáticos.
PALABRAS CLAVE: Microscopía electrónica de barrido; Fijación; Fijador; Nodo linfático hemal; Glutaraldehído; Formaldehído.
